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3KDVH LQYHUVLRQ LV RQH RI WKH PRVW FRPPRQ WHFKQLTXHV LQ WKH V\QWKHVLV RI WKH SRO\PHULF
PHPEUDQHV 'XULQJ WKH SKDVH LQYHUVLRQ D WKHUPRG\QDPLFDOO\ VWDEOH SRO\PHU VROXWLRQ LV
EURXJKW WR D FRQWUROOHG OLTXLGOLTXLG GHPL[LQJ >@ 7KH ILQDO PHPEUDQH PRUSKRORJ\ DQG
SHUIRUPDQFHGHSHQGRQDYDULHW\RIH[SHULPHQWDOSDUDPHWHUV7KHVHLQFOXGHFRPSRVLWLRQRIWKH
FDVWLQJ VROXWLRQ SRO\PHU FRQFHQWUDWLRQ WKH W\SH RI VROYHQWQRQVROYHQW WKH UDWLR RI FR
VROYHQWVROYHQW WKH VSHHG RI FDVWLQJ DLU IORZUDWH WKH WLPH DQG WHPSHUDWXUH RI WKH VROYHQW
HYDSRUDWLRQ SULRU WR LPPHUVLRQ LQ FRDJXODWLRQ EDWK UHODWLYH KXPLGLW\ WKH FRPSRVLWLRQ DQG
WHPSHUDWXUH RI WKH FRDJXODWLRQ EDWK DQG WKH SRVWWUHDWPHQW >@ 7KH RYHUDOO SURFHVV LV RIWHQ
TXLWHFRPSOH[LQFOXGLQJERWKWKHUPRG\QDPLFVDQGNLQHWLFVDQGEDGO\XQGHUVWRRG

0DWHULDOV

3RO\PHURIFKRLFHLQWKLVVWXG\ZDVSRO\VXOIRQH36ISIURP6ROYD\7KHFRQFHQWUDWLRQRI
WKHSRO\PHULQWKHFDVWLQJVROXWLRQZDVNHSWFRQVWDQWDWZW3RO\PHUGRSHVROXWLRQVZHUH
SUHSDUHG LQ WKUHH DPLGLF VROYHQWV 1PHWK\OS\UUROLGRQH 103 11GLPHWK\OIRUPDPLGH
'0)DQG11GLPHWK\ODFHWDPLGH'0$FDVZHOODVLQGLPHWK\OVXOIR[LGH'062$GGLWLYHV
RI GLIIHUHQW QDWXUH ZHUH XVHG WR WXQH ERWK PRUSKRORJ\ DQG SHUIRUPDQFH RI V\QWKHVL]HG
PHPEUDQHV7KHORZPROHFXODUZHLJKWDGGLWLYHVXVHGZHUHWHWUDK\GURIXUDQ7+)GLR[DQH
',2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'RSHVROXWLRQVZHUHSUHSDUHGHLWKHU
ZLWKRXWDGGLWLYHRUZLWKRUZWRIDGGLWLYH7KHKLJKPROHFXODUZHLJKWDGGLWLYHVXVHGZHUH
SRO\HWK\OHQHJO\FROV3(*V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PROHFXODU ZHLJKW   DQG  'D SRO\YLQ\OS\UUROLGRQH 393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SRO\HWKHUVXOIRQH 3(6 SRO\DFU\ORQLWULOH 3$1 WZR SRO\YLQ\OLGHQH IOXRULGH 39') RI
GLIIHUHQW PROHFXODU ZHLJKW  DQG  'D FHOOXORVH DFHWDWH &$ DQG FHOOXORVH
WULDFHWDWH&W$7KHFRQFHQWUDWLRQRISRO\PHULFDGGLWLYHVLQWKHGRSHLQPRVWFDVHVZDVZW
7KHH[FHSWLRQVZHUH3(*VZLWKPROHFXODUZHLJKWRIDQG'D)RU3(*
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0HWKRGVDQGUHVXOWV

3RO\PHUZDVGLVVROYHGDWURRPWHPSHUDWXUHLQDVROYHQWPL[WXUHRIYDULHGFRPSRVLWLRQVWRIRUP
GLIIHUHQWSRO\PHUGRSHVROXWLRQV$IWHUFRPSOHWHKRPRJHQL]DWLRQSRO\PHUGRSHVROXWLRQVZHUH
OHIW RYHUQLJKW WR UHPRYH DLU EXEEOHV EHIRUH PHPEUDQH FDVWLQJ 7KLQ ILOPV  ȝP RI
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PHPEUDQH FDVWLQJ VROXWLRQV ZHUH FDVW RQ WRS RI D SRO\HVWHU QRQ ZRYHQ VXSSRUW +LURVH
7+ ZLWK D VSHHG RI  PPLQ 7KH VXSSRUW ZDV ILUVW LPSUHJQDWHG ZLWK DQ DSSURSULDWH
VROYHQWDQGWKHQZLSHGGU\EHIRUHFRDWLQJ,PSUHJQDWLRQRIWKHVXSSRUWLVLPSRUWDQWLQRUGHUWR
SUHYHQW SHQHWUDWLRQ RI WKH SRO\PHU GRSH VROXWLRQ WKURXJK LW %HIRUH LQGXFLQJ WKH SKDVH
VHSDUDWLRQE\LPPHUVLRQLQDQRQVROYHQWFRDJXODWLRQEDWKGLVWLOOHGZDWHUWKHFRDWHGILOPZDV
OHIWLQDPELHQWDLUIRUDFHUWDLQWLPH0HPEUDQHVZHUHOHIWLQDQRQVROYHQWFRDJXODWLRQEDWKIRU
PLQDWURRPWHPSHUDWXUH,QRUGHUWRDYRLGSRUHFROODSVHPHPEUDQHVZHUHNHSWLQGLVWLOOHG
ZDWHUDIWHUV\QWKHVLVXQWLOXVH
7KHPHPEUDQHVV\QWKHVL]HGLQWKLVVWXG\ZHUHWHVWHGLQVROYHQWUHVLVWDQWQDQRILOWUDWLRQ651)
5RVH%HQJDO DQG SURSDQRO ZHUH VHOHFWHG DV WHVW VROXWHVROYHQW V\VWHP5RVH%HQJDO ZDV
FKRVHQEHFDXVHRI LWVPROHFXODUZHLJKW'DZKLFK LVXSSHUERUGHUIRUQDQRILOWUDWLRQDQG
SURSDQRO EHFDXVH RI LWV LQWHUPHGLDWH SRODULW\  7KH UHWHQWLRQV RI  ȝ0 5RVH %HQJDO LQ
LVRSURSDQROYDULHGIURPZKLOHSHUPHDQFHVUDQJHGIURPOPEDUK

&ORXGSRLQWVZHUHGHWHUPLQHGLQRUGHUWRGHWHUPLQHWKHSUHFLSLWDWLRQFXUYHRQWKHWHUQDU\SKDVH
GLDJUDPDQGZDVH[SHULPHQWDOO\GHWHUPLQHGE\YLVXDOREVHUYDWLRQRIWKHWXUELGLW\FKDQJHRIWKH
SRO\PHUVROXWLRQ3RO\PHUVROXWLRQVZHUHZHLJKHGEHIRUHDQGDIWHUWKHH[SHULPHQW,WZDVRQO\
SRVVLEOHWRPHDVXUHFORXGSRLQWVIRUWKHSRO\PHUVROXWLRQVSUHSDUHGLQ103,QWKHFDVHRI'0)
DQG'0$F VROXWLRQVZHUHFORXG\HYHQEHIRUHDGGLQJ WKH ILUVW GURSRIZDWHU)RU'062 WKH
YHU\ KLJK YLVFRVLW\ RI WKH VROXWLRQV PDGH LW LPSRVVLEOH WR GHWHUPLQH FORXGSRLQWV 7KH
H[SHULPHQWV ZHUH SHUIRUPHG LQ FORVHG ERWWOHV XSRQ FRQVWDQW VWLUULQJ DQG GHWHUPLQHG E\
GURSZLVH WLWUDWLRQ RI WKH SRO\PHU GRSH VROXWLRQ ZLWK GLVWLOOHG ZDWHU XQWLO WKH VROXWLRQ EHFDPH
FORXG\:DWHUZDVDGGHG WR WKHVROXWLRQE\DV\ULQJH7KHSRLQWZDVGHILQHGDVDFORXGSRLQW
ZKHQWKHWXUELGLW\RIWKHVROXWLRQGLGQRWFKDQJHDQ\PRUHDIWHUKRXUV
7KH UKHRORJLFDOPHDVXUHPHQWVZHUHSHUIRUPHGRQDVWUHVVFRQWUROOHG UKHRPHWHU $QWRQ3DDU
0&5ZLWKDFRQHSODWHJHRPHWU\ZLWKVROYHQWWUDS7KHVDPSOHWHPSHUDWXUHZDVFRQWUROOHG
ZLWKD3HOWLHUHOHPHQWZLWKDQDFFXUDF\EHWWHUWKDQ.9LVFRVLW\DWGLIIHUHQWVKHDUUDWHVZDV
SUREHG LQ VWHDG\VKHDU IORZ >IURP  WR  V@ 7KH VDPSOH ZDV DQDO\]HG LQ WKH OLQHDU
YLVFRHODVWLF UHJLPHDWDVWUHVVDPSOLWXGHRI3D)RUDOOPHDVXUHPHQWV WKLVVWUHVVDPSOLWXGH
ZDVFKHFNHG WREHZLWKLQ WKH OLQHDU YLVFRHODVWLF UHJLPHFRYHULQJDQDQJXODU IUHTXHQF\ UDQJH
IURPWRUDGV7KH5KHR3OXVVRIWZDUHZDVXVHGIRUGDWDDFTXLVLWLRQDQGDQDO\VLV
6FDQQLQJ HOHFWURQ PLFURVFRS\ ZDV XVHG WR WDNH LPDJHV RI WKH PHPEUDQH FURVVVHFWLRQV
REWDLQHGE\EUHDNLQJGU\PHPEUDQHVXQGHUOLTXLGQLWURJHQ3LFWXUHVZHUHDFTXLUHGDWN9
RQD3KLOLSV;/)(*6(06DPSOHVZHUHPRXQWHGRQWR6(0VDPSOHKROGHUVDQGFRDWHG
ZLWKDQPWKLFNJROGOD\HUWRUHGXFHVDPSOHFKDUJLQJXQGHUWKHHOHFWURQEHDP
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